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TRANSFORMER ANTENNA DEVICE AND METHOD OF USING THE SAME 



FIELD OF THE INVENTION 

[0001] The present invention generally relates to data communications over a 
power distribution system and more particularly to a transformer antenna device for 
facilitating communications through a power line communication system and method of 
using the same. 

BACKGROUND OF THE INVENTION 

[0002] Well-established power distribution systems exist throughout most of 
the United States, and other countries, which provide power to customers via power 
lines. With some modification, the infrastructure of the existing power distribution 
systems can be used to provide data communication in addition to power delivery, 
thereby forming a power line communication system (PLCS). In other words, existing 
power lines, that already have been run to many homes and offices, can be used to 
carry data signals to and from the homes and offices. These data signals are 
communicated on and off the power lines at various points in the power line 
communication system, such as, for example, near homes, offices, Internet service 
providers, and the like. 

[0003] Power distribution systems include numerous sections, which transmit 
power at different voltages. The transition from one section to another typically is 
accomplished with a transformer. The sections of the power distribution system that are 
connected to the customers premises typically are low voltage (LV) sections having a 
voltage between 100 volts(V) and 240V, depending on the system. In the United 
States, the LV section typically is about 120V. The sections of the power distribution 
system that provide the power to the LV sections are referred to as the medium voltage 
(MV) sections. The voltage of the MV section is in the range of 1 ,000V to 100,000V. 
The transition from the MV section to the LV section of the power distribution system 
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typically is accomplished with a distribution transformer, which converts the higher 
voltage of the MV section to the lower voltage of the LV section. 

[0004] Power system transformers are one obstacle to using power distribution 
lines for data communication. Transformers act as a low-pass filter, passing the low 
frequency signals (e.g., the 50 or 60 Hz) power signals and impeding the high frequency 
signals (e.g., frequencies typically used for data communication). As such, power line 
communication systems face the challenge of communicating the data signals around, 
or through, the distribution transformers. 

[0005] In addition, the power lines that provide power to and direct power from 
these power transformers are not designed to provide high speed data communications. 
For example, certain power distribution systems employ the use of underground MV 
lines that connect to pad mounted distribution transformers. The pad mounted 
distribution transformers then feed power to residences using underground LV feeds. 
Up to ten (and sometimes more) customer premises will typically receive power from 
one distribution transformer via their respective LV power lines. Often, underground 
power lines provide an even greater barrier to the transmission of data signals than do 
overhead lines. In addition, underground power lines are buried and, therefore, may be 
inaccessible except for near pad mounted transformers or taps (from an overhead line). 
Yet, in an effort to lessen the interruption of power caused by downed power lines and 
for aesthetic purposes, more and more transmission systems employ underground 
power lines. As a result, greater numbers of power line communication systems must 
be designed to overcome the additional barriers created by underground transmission 
and distribution systems. 

[0006] In addition, components of the power line communication system, such 
as the distribution transformer bypass device (BD), must electrically isolate the MV 
power signal from the LV power lines and the customer premises. These and other 
advantages are provided by various embodiments of the present invention. 

SUMMARY OF THE INVENTION 

The invention contemplates an antenna device, system and method of installing 
an antenna device for receiving a wireless signal at a pad mounted electrical 
transformer. The novel device includes an antenna capable of communicating the 
wireless signal and that is embedded in a protective material. The protective material 
facilitates attachment to the pad mounted electrical transformer as well as preventing 
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access to the antenna. The material may be emissive and/or insulative. In addition, the 
device may include a conductor that passes from the antenna and through an enclosure 
of the pad mounted transformer. The conductor may be communicatively coupled to a 
first communication device that provides communication to a customer premises that is 
electrically coupled to the pad mounted electrical transformer. Alternatively, the 
antenna may be communicatively coupled to at least one low voltage power line. Also, 
the antenna may receive signals in a predetermined frequency range, and the material 
may be emissive within the predetermined frequency range. The antenna may have a 
substantially planar face, be disk shaped, be a wire, and/or be made of a substantially 
flat rectangular metallic material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The invention is further described in the detailed description that follows, 
by reference to the noted drawings by way of non-limiting illustrative embodiments of 
the invention, in which like reference numerals represent similar parts throughout the 
drawings. As should be understood, however, the invention is not limited to the precise 
arrangements and instrumentalities shown. In the drawings: 

[0008] Figure 1 is a diagram of an exemplary power distribution system with 
which the present invention may be employed; 

[0009] Figure 2 is a diagram of the exemplary power distribution system of 
Figure 1 modified to operate as a power line communication system, in accordance with 
an embodiment of the present invention; 

[0010] Figure 3 illustrates an antenna device, in accordance with an 
embodiment of the present invention; and 

[0011] Figure 4 illustrates an antenna device, in accordance with an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0012] In the following description, for purposes of explanation and not 
limitation, specific details are set forth, such as particular networks, communication 
systems, computers, terminals, devices, components, techniques, data and network 
protocols, software products and systems, operating systems, development interfaces, 
hardware, etc. in order to provide a thorough understanding of the present invention. 
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[0013] However, it will be apparent to one skilled in the art that the present 
invention may be practiced in other embodiments that depart from these specific details. 
Detailed descriptions of well-known networks, communication systems, computers, 
terminals, devices, components, techniques, data and network protocols, software 
products and systems, operating systems, development interfaces, and hardware are 
omitted so as not to obscure the description of the present invention. 

System Architecture and General Design Concepts 

[0014] Figure 1 discloses a representative underground residential power 
distribution (URD) system comprising a high voltage (HV) power line that is connected 
to a plurality of high voltage transformers (HVT) that set down the high voltage to 
medium voltage. Typical voltages found on HV power lines range from 69 kilovolts (kV) 
to in excess of 800 kV. 

[0015] Referring to Figure 1 , the HVT steps down the high voltage to medium 
voltage for distribution on the medium voltage power lines which are connected one or 
more the distribution transformers (DTs). Each DT further steps down the voltage to 
low voltage (LV) and, therefore, is connected to one or more LV power lines, each of 
which may extend to a customer premises (not shown in Figure 1). As discussed, MV 
typically ranges from about 1000 V to about 100 kV and LV typically ranges from about 
100 V to about 240 V. 

[0016] A distribution transformer may function to distribute one, two, three, or 
more phase currents to the customer premises, depending upon the demands of the 
user. In the United States, for example, these local distribution transformers typically 
feed anywhere from one to ten homes, depending upon the concentration of the 
customer premises in a particular area. Distribution transformers may be pole-top 
transformers located on a utility pole, pad-mounted transformers located on the ground 
(as shown), or transformers located under ground level. It should be appreciated that 
the invention is not limited to any particular transformer or distribution system 
configuration. 

[0017] The URD network of Figure 1 includes two types of topographies. The 
first type is commonly referred to as a ring or U topology as represented by networks 1 
and 2. The ring network may be a U shaped with each leg of the U being connected to 
a HVT. In addition, the ring network may include a switch (SW) that connects both 
sides of the ring together (as in network 1 ). Consequently, should either HVT fail (or a 
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break in the MV power line occur) the switch may be closed so that the entire MV 
network receives power. Other such networks may not include a switch (as in network 
2). 

[0018] Another type of topology is referred to as a radial or star network as 
shown in network 3 in which one or more MV power lines extends away from a single 
HVT. While the illustrations of these networks depict a single MV power line, a radial or 
ring network configuration may include multiple MV power line conductors and/or cables 
extending from each HVT (e.g., be three phase or have multiple three phase cables). 

[0019] The antenna device of the present invention may form part of a PLCS to 
communicate signals to and from communication devices at the customer premises 
through the LV power line. In addition, the antenna device of the present invention may 
facilitate the communication of data signals along the MV power line with 1) other power 
line communication devices; 2) one or more backhaul points; 3) one or more power line 
servers; and/or 4) devices on a network such as the Internet. 

Power Line Communication System 

[0020] One example of such a PLCS may include a communication device at 
one or more DTs that communicates data signals from proximate the distribution 
transformer with devices at the customer premises. Thus, the communication device is 
the gateway to the LV power line subnet (i.e., the devices that are communicatively 
coupled to the LV power lines). In some embodiments the communication device may 
be a transformer bypass device (BD) providing a path for data around the transformer, 
which would otherwise filter (or attenuate) the data signal. 

[0021] In this embodiment, the communication device provides communication 
services for the user, which may include security management, routing of Internet 
protocol (IP) packets, filtering data, access control, service level monitoring, signal 
processing and modulation/demodulation of signals transmitted over the power lines. 

[0022] This example PLCS also includes backhaul points designated that act 
as an interface and gateway between a PLCS and a traditional non-power line 
telecommunication network. One or more backhaul points are communicatively coupled 
to an aggregation point (AP) that in many embodiments may be the point of presence to 
the Internet. The backhaul point may be connected to the AP using any available 
mechanism, including fiberoptic conductors, T-carrier, Synchronous Optical Network 
(SONET), or wireless techniques well known to those skilled in the art. Thus, the 
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backhaul point may include a transceiver suited for communicating through the 
communication medium such as a wireless or fiber optic transceiver. 

[0023] The AP may include a conventional Internet Protocol (IP) data packet 
router and may be directly connected to an Internet backbone thereby providing access 
to the Internet. Alternatively, the AP may be connected to a core router (not shown), 
which provides access to the Internet, or other communication network. Depending on 
the configuration of the PLCS, a plurality of APs may be connected to a single core 
router which provides Internet access. The core router (or AP as the case may be) may 
route voice traffic to and from a voice service provider and route Internet traffic to and 
from an Internet service provider. The routing of packets to the appropriate provider 
may be determined by any suitable means such as by including information in the data 
packets to determine whether a packet is voice. If the packet is voice, the packet may 
be routed to the voice service provider and, if not, the packet may be routed to the 
Internet service provider. Similarly, the packet may include information (which may be a 
portion of the address) to determine whether a packet is Internet data. If the packet is 
Internet data, the packet may be routed to the Internet service provider and, if not, the 
packet may be routed to the voice service provider. 

[0024] In some PLCS embodiments, there may a distribution point (not shown) 
between the backhaul point and the AP. The distribution point, which may be a router, 
may be coupled to a plurality of backhaul points and provides routing functions between 
its backhaul points and its AP. In one example embodiment, a plurality of backhaul 
points are connected to each distribution point and each distribution point (of which 
there is a plurality) is coupled to the AP, which provides access to the Internet. 

[0025] The PLCS also may include a power line server (PLS) (not shown) that 
is a computer system with memory for storing a database of information about the 
PLCS and includes a network element manager (NEM) that monitors and controls the 
PLCS. The PLS allows network operations personnel to provision users and network 
equipment, manage customer data, and monitor system status, performance and 
usage. The PLS may reside at a remote operations center to oversee a group of 
communication devices via the Internet. The PLS may provide an Internet identity to 
the network devices by assigning the devices (e.g., user devices, BDs, the LV modems 
and MV modems of BDs, backhaul points, and AP), an IP address and storing the IP 
address and other device identifying information (e.g., the device's location, address, 
serial number, etc.) in its memory. In addition, the PLS may approve or deny user 
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devices authorization requests, command status reports and measurements from the 
BDs, repeaters, and backhaul points, and provide application software upgrades to the 
communication devices (e.g., BDs, backhaul points, repeaters, and other devices). The 
PLS, by collecting electric power distribution information and interfacing with utilities 1 
back-end computer systems may provide enhanced distribution services such as 
automated meter reading, outage detection, load balancing, distribution automation, 
Volt/Volt-Amp Reactance (Volt/VAr) management, and other similar functions. The PLS 
also may be connected to one or more APs and/or core routers directly or through the 
Internet and therefore can communicate with any of the BDs, repeaters, user devices, 
and backhaul points through the respective AP and/or core router. Detailed 
descriptions of a BD, backhaul point, AP, DP, PLS and other components and 
characteristics of a PLCS are provided in U.S. Patent Application Serial No. 10/675,409 
(Attorney Docket No. CRNT-0206), filed September 30, 2003, entitled "Power Line 
Communication System and Method," which is herein incorporated by reference in its 
entirety. 

[0026] At the user end of the PLCS, data flow originates from a user device, 
which provides the data to a power line interface device (PLID) (sometimes referred to 
as a power line modem), which is well-known in the art. 

[0027] Various electrical circuits within the customer's premises distribute 
power and data signals within the customer premises. The customer draws power on 
demand by plugging a device into a power outlet. In a similar manner, the customer 
may plug the PLID into a power outlet to digitally connect user devices to communicate 
data signals carried by the power wiring. The PLID thus serves as an interface for user 
devices to access the PLCS. The PLID can have a variety of interfaces for customer 
data appliances. For example, a PLID can include a RJ-1 1 Plain Old Telephone 
Service (POTS) connector, an RS-232 connector, a USB connector, a 10 Base-T 
connector, RJ-45 connector, and the like. In this manner, a customer can connect a 
variety of user devices to the PLCS. Further, multiple PLIDs can be plugged into power 
outlets throughout the customer premises, with each PLID communicating over the 
same wiring internal to the customer premises. 

[0028] The user device connected to the PLID may be any device cable of 
supplying data for transmission (or for receiving such data) including, but not limited to a 
computer, a telephone, a telephone answering machine, a fax, a digital cable box (e.g., 
for processing digital audio and video, which may then be supplied to a conventional 
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television and for transmitting requests for video programming), a video game, a stereo, 
a videophone, a television (which may be a digital television), a video recording device, 
a home network device, a utility meter, or other device. 

[0029]The PLID transmits the data received from the user device through the 
customer LV power line to a BD and provides data received from the LV power line to 
the user device. The PLID may also be integrated with the user device, which may be a 
computer. In addition, the functions of the PLID may be integrated into a smart utility 
meter such as a gas meter, electric meter, water meter, or other utility meter to thereby 
provide automated meter reading (AMR). 

[0030] For upstream communications, the BD typically transmits the data to the 
backhaul point, which, in turn, transmits the data to the AP. The AP then transmits the 
data to the appropriate destination (perhaps via a core router), which may be a network 
destination (such as an Internet address) in which case the packets are transmitted to, 
and pass through, numerous routers (herein routers are mean to include both network 
routers and switches) in order to arrive at the desired destination. Downstream 
communications typically traverse the devices in the opposite sequence. 

[0031] As discussed, one embodiment of the present invention comprises an 
antenna device that may be mounted to a transformer enclosure. Referring to Figure 2, 
a communication device is installed at each DT (except those labeled with a B). For 
ease of illustration the communications devices in Figure 2 are not shown separately 
from the DT. In network 1, each communication device is in communication with a 
backhaul point via the MV power line. This example PLCS includes two backhaul points 
designated by the B at two DTs in network 1 . Data from the communication devices 
may be communicated directly to and from the backhaul point, or may be repeated (or 
amplified) by those communication devices between the communication device and the 
backhaul point. 

[0032] The backhaul points B are configured to provide an upstream 
communication link that is wireless and that is provided via use of one embodiment of 
the present invention. Specifically, the backhaul points B are in communication with 
wireless repeater 2a, which is in wireless communication with wireless repeater 2b, 
which is in wireless communication with wireless repeater 2c, which is in wireless 
communication with wireless repeater 2d, which is in communication with a point of 
presence (or other upstream device) via a fiber optic cable. Wireless repeaters 2a, 2b, 
2c, and 2d may be daisy-chained together for bi-directional communications via time 
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division multiplexing and/or frequency division multiplexing (e.g., a separate upstream 
and downstream frequency band) and may use any suitable license or unlicensed band. 
Such frequencies may include 2GHz, 5GHz, and/or 60GHz bands. Protocols (and 
bands) used may include 802.1 1a,b, or g and/or 802. 16x. Wireless repeaters 2a, 2b, 
2c, and 2d may also be comprised one (or two) antenna device 305 that is attached to a 
tower, transformer enclosure, or other structure. 

[0033] Network 3 comprises three DTs with each having a communication 
device (not shown separately). Each of these communication devices is configured to 
provide an upstream wireless communication link with wireless repeater 2e that is 
provided via use of one embodiment of the present invention. Thus, network 3 may not 
utilize the MV power lines to provide communications. In network 1 and 3, the 
communication devices communicate with other devices in the customer premises via 
the low voltage power lines or, alternately, via another wireless link that may use the 
same or a different antenna (in the case of network 3). 

[0034] Figures 3 and 4 illustrate an antenna device 305, in accordance with an 
embodiment of the present invention. As shown in Figure 3, a pad mount transformer 
enclosure 301 rests on a pad mount 302. It should be appreciated that the construction 
and operation of transformer 301 is not limited to any particular configuration. 

[0035] As illustrated in Figure 3, antenna device 305 may comprise an antenna 
303 that is embedded in a protective material 304. Antenna 303 is depicted with 
dashed lines in Figure 3 to illustrate that, in one embodiment, antenna 303 may be 
completely embedded by material 304. Although antenna 303 is illustrated as having a 
disk-like shape, it should be appreciated that antenna 303 may take any form including 
having a substantially planar face and/or a substantially flat rectangular metallic 
material, or be wire-like. Antenna 303 and the protective material 304 are not limited to 
any particular size, shape, construction or manufacture. 

[0036] It is well known to coat antennas with environmentally protective 
coating. In such devices, the coating forms a silhouette of the antenna. In contrast, the 
present invention may be embedded. The material 304 in which the antenna 303 is 
embedded provides structure strength to the antenna device 305 and may provide a 
means for attaching the communication device to the transformer enclosure. Because 
the transformer enclosure 301 may be at ground level and, therefore, accessible to 
passers by, embedding the antenna 303 provides a means for disguising the antenna 
(e.g., the communication device may simply appear as a rectangular block whose 
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function is not apparent) to discourage theft and/or vandalism (if so desired). In 
addition, provided the material has the appropriate characteristics (high strength, fire 
resistant, hard), the antenna device may be virtually impervious to manual destruction 
attempts. Thus, the material may prevent structural deformation of the antenna. 

[0037] Antenna 303 may be designed or constructed to receive and/or transmit 
wireless data signal 70. In certain embodiments a communication device with which the 
antenna device 305 is communicatively coupled may be located within transformer 
enclosure 301 (e.g., mounted to the inside of transformer enclosure 301). In this case, 
a conductor (not shown) may connect to antenna 303, extend from material 304, and 
pass through transformer enclosure 301 and connect to the electronics of the 
communication device. Also, the communication device may be located outside 
transformer enclosure 301 (e.g., attached to outside of transformer enclosure 301 or 
buried), such that connection with antenna 303 may be accomplished external to 
transformer enclosure 301 . As discussed, the communication device with which 
antenna device 305 is communicatively coupled may be in communication with and 
pass the data signal to a low voltage power line network that extends to the customer 
premises. In another embodiment, the conductor (communicatively coupled to antenna 
303) may be coupled (e.g., perhaps via an amplifier and/or band pass filter) to one or 
more of the low voltage lines through which the transformer in transformer enclosure 
301 is connected and that supplies power to customer premises. 

[0038] Material 304 may be constructed of any material that permits antenna 303 
to receive and/or transmit wireless data signal 70 without substantial additional 
interferences (e.g., any emissive material). Material 304 may be manufactured in part 
from rubber, plastic, and/or Mylar-based materials, for example. Also, material 304 may 
be any size or shape, for example, the material may be at least one-half inch thick. The 
material 304 may be sized to be substantially equal to or slightly larger (e.g., 1mm or 1 
cm larger) than the three dimensions (height, width, and length) of antenna 303. For 
example, if the antenna measures 300cm high, the material may be molded to be 
300cm high (with antenna 303 flush with the top and bottom of the surface material 304) 
or 305cm (with antenna 303 just below the surface of material 304). Some or all of the 
dimensions of material 304 may be much larger than the corresponding dimension of 
the antenna 303. For example, it may be desirable to design the communication device 
so that it has the same width and length as the surface of the transformer enclosure 301 
to which it will be mounted, or one fourth, or one ninth of those dimensions. 
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[0039] As shown in Figure 4, in one embodiment, antenna 303 may be 
embedded within material 304, such that material 304 completely or partially encases 
antenna 303. In addition, and as shown in Figure 4, the shape of the antenna device 
305 (and external shape of material 304) may be different shape than that of antenna 

303. For example, in this example embodiment, antenna 303 is substantially disk 
shaped and the communication device 305 is shaped substantially as a rectangular box. 
In other embodiments, antenna device 305 may be shaped more similar to that of 
antenna 303 (e.g., be disked shape, but without the center depression of antenna 303). 

[0040] Antenna 303 may be positioned anywhere within (or even partially 
within) material 304. Thus in some embodiments, the transmitting and receiving surface 
of antenna 303 may be exposed and may be co-planar with the surrounding material 

304. Also, antenna 303 may be directionally oriented or tilted within material 304. In 
general, the location, orientation, direction and any other pertinent characteristics of the 
placement of antenna 303 within material 304 may be designed to achieve certain 
desired communication characteristics (e.g., maximum reception and transmission) with 
devices with which antenna 303 is designed to communicate. 

[0041] Further, an insulative and/or non-emissive material (not shown) may be 
located between antenna 303 and transformer enclosure 301 to prevent the operation of 
antenna 303 to be interfered with by the operation and/or components of transformer in 
transformer enclosure 301 . Also, material 304 itself may be both emissive and 
insulative. Material 304 may be of such a material, size and shape such that the 
material is emissive within a predetermined frequency range that is consistent with the 
frequency range in which the antenna is designed to operate. 

[0042] Because pad mounted transformers typically are located in accessible 
areas that are subject to unwanted tampering, material 304 may prevent undesired 
access to the antenna, while facilitating the attachment of antenna 303 to transformer 
301 . In addition, material 304 and antenna 303 may be made to appear as part of the 
transformer itself (e.g., painted the same color), so as to avoid detection (and potential 
theft or vandalism). 

[0043] In one embodiment, a method of installing antenna 303 to transformer 301 
is contemplated. In this embodiment, installation personnel may use communication 
testing techniques, for example, to determine a location on transformer enclosure 301 
on which antenna 303 is most likely to receive and/or transmit the strongest signal, for 
example from a backhaul point. Also, the installation personnel may orient antenna 303 
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(e.g., with respect to the wireless transceiver with which the device is to communicate) 
to achieve greater signal reception and/or transmission of wireless data signal 70. 
Thus, the antenna device 305 may be installed on the top side of transformer enclosure 
301 (as shown in Figure 3) or on a side of transformer enclosure 301 . In addition, if 
antenna 303 is not oriented symmetrically in material 304, antenna device 305 may be 
installed so that the orientation of antenna 303 in material 304 is favorable for 
communications. 

[0044] Antenna device 305 may be manufactured in two forms - prefabricated 
and assembled. In the assembled version, once this location and orientation (if any) is 
determined, the installation personnel may place the antenna at or near the location, 
and proceed to apply material 304 (or another material) to cover antenna 303 so as to 
prevent access to the antenna. Material 304 may be applied with an adhesive, for 
example, or other means of attachment. 

[0045] In the prefabricated embodiment, as discussed with reference to Figure 
4, antenna 303 may be prefabricated to be embedded within material 304, and may be 
attached to transformer enclosure 301 using traditional attachment means such as by 
fastening bolts through the holes in material 304 and holes in the transformer enclosure. 
Again, the attachment means along with the use of material 304 may prevent tampering 
of antenna 303. In another embodiment, antenna 303 and material 304 may be 
included with transformer 301 as part of the transformer manufacturing process. As 
discussed, it may also be desirable to include a spacer between the antenna device and 
transformer enclosure 301 . A spacer may be installed under only one side of the 
communication device to facilitate directional tilting of the antenna for improved 
communications. Alternately, the spacer or a mounting arm may permit mounting of the 
communication device and antenna in spaced relation to the enclosure thereby 
permitting better line of sight (e.g., to get around an obstruction) and improved 
communications. 

[0046] As an example, installing antenna device 305 may comprise selecting a 
place and orientation (if necessary) of installation on transformer enclosure 301, drilling 
mounting apertures that register with mounting holes 306, drilling a communications 
wire aperture (if necessary), passing the communications wire through the 
communications wire aperture (if necessary), fastening antenna device 305 to 
transformer enclosure 301 via the transformer enclosure mounting apertures and 
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mounting holes 306 (e.g., via bolts), and connecting the communications wire to the 
communication device (which may be inside transformer enclosure 301). 

[0047] Antenna device 305 may form part of a backhaul point and be 
configured to communicate with the upstream device (e.g., and AP) and/or a 
downstream device (such as a bypass device) which may include an antenna device 
305 according to the present invention. Consequently, antenna device 305 also may 
form part of a communication device and be configured to communicate with a backhaul 
point or with other communication devices. Antenna device 305 and its associated 
wireless electronics may replace or be in addition to the medium voltage interface of a 
backhaul point of communication device (e.g., bypass device). Additionally, antenna 
305 may be directed to wirelessly communicate with wireless transceivers at one ore 
more customer premises. Such an application may alleviate the need to communicate 
over the low voltage power lines and the antenna device (and its associated electronics) 
may replace or be in addition to the low voltage interface of the communication device. 

[0048] Thus, depending on the architecture of the PLCS, each communication 
device and/or backhaul point may comprise two antenna devices 305 (e.g., one for 
communications upstream and one for communications downstream). The 
communication devices may be configured to daisy-chain data upstream to, and 
downstream from, a backhaul point. Alternately, a plurality of backhaul points may be 
configured to daisy-chain data upstream to, and downstream from, an aggregation point 
(or distribution point). 

[0049] In any of the embodiments, it may be desirable to provide a backhaul 
link (from the backhaul point to the point of presence, the includes a number of wireless 
repeaters that are daisy chained together to provide a wireless link between a plurality 
of downstream devices (such as backhaul points) and one or more upstream devices 
(e.g., an AP). 

[0050] Antenna device 305 may be configured to communicate via frequency 
division multiplexing and/or time division multiplexing and in any desirable frequency 
band (licensed or unlicensed) including but not limited to the 2.4GHz, 5GHz, or 60GHz 
bands. Thus, antenna device 305 may be configured to communicate via protocols 
such as IEEE 802.11a, 802.11b, or 802.1 1g, or 802.16a. Antenna device 305 may also 
be directional or omni-directional (i.e., non-directional). 

[0051] In addition to the above, one or more surfaces of material 304 (e.g., the 
top surface) may include a heating element (embedded near the surface of material 
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304) to melt ice and snow that comes to rest on antenna device 305. The elements, the 
position of the elements, and/or the spacing of the elements (e.g., relative to the 
wavelength of the carrier signals) may be configured to not interfere, impede or degrade 
the communication signals. 

[0052] It is to be understood that the foregoing illustrative embodiments have 
been provided merely for the purpose of explanation and are in no way to be construed 
as limiting of the invention. Words used herein are words of description and illustration, 
rather than words of limitation. In addition, the advantages and objectives described 
herein may not be realized by each and every embodiment practicing the present 
invention. Further, although the invention has been described herein with reference to 
particular structure, materials and/or embodiments, the invention is not intended to be 
limited to the particulars disclosed herein. Rather, the invention extends to all 
functionally equivalent structures, methods and uses, such as are within the scope of 
the appended claims. 

[0053] Those skilled in the art, having the benefit of the teachings of this 
specification, may affect numerous modifications thereto and changes may be made 
without departing from the scope and spirit of the invention. 
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